Previously, we showed that neonatal maternal separation impaired eyeblink conditioning in adult rats. This impairment is correlated with increased glucocorticoid receptor (GR) expression in the cerebellar posterior interpositus nucleus, a critical site of learning-related plasticity. To assess whether increased GR expression is responsible for the separation-induced learning impairment, we infused a GR antagonist (mifepristone) or vehicle into the posterior interpositus during eyeblink conditioning in adult male LongEvans rats that had undergone control rearing or neonatal maternal separation (1 h/day, postnatal days 2-14). Rats received standard rearing (control) or neonatal maternal separation (separated; 1 h/day on postnatal days 2-14). In adulthood, rats underwent surgery for implantation of recording electrodes in the orbicularis oculi of the left eyelid, a bipolar stimulating electrode dorsocaudal to the left eye, and an infusion guide cannula positioned over the posterior interpositus. Then, rats underwent 10 daily sessions of eyeblink conditioning. Rats in each group received either 0.2 ll of mifepristone (2 ng in 2% EtOH) or vehicle infusion prior to each eyeblink conditioning session. Mifepristone infusions improved conditioning in separated rats, but impaired control rats' performance. Thus, separation-induced increases in GRs may mediate the learning deficit seen in adult neonatally separated rats.
Introduction
Neonatal stressors such as maternal separation have adverse effects on adult behavior and cognition, including adult emotionality and hypothalamic-pituitary-adrenal (HPA) axis responsivity to stress (De Jongh, Geyer, Olivier, & Groenink, 2005; Kalinichev, Easterling, Plotsky, & Holtzman, 2002; McIntosh, Anisman, & Merali, 1999) . Maternal separation also produces changes in adult learning and memory. For instance, neonatal maternal separation results in adult impairments in spatial learning and memory (Aisa, Tordera, Lasheras, Del Rio, & Ramirez, 2007; Aisa et al., 2009; Huot, Plotsky, Lenox, & McNamara, 2002; Uysal et al., 2005) , and extinction of conditioned fear (Stevenson, Spicer, Mason, & Marsden, 2009; Wilber, Southwood, & Wellman, 2009 ). However, some forms of learning and memory may be facilitated by maternal separation; for example, adult active avoidance learning is enhanced following neonatal maternal separation (Schäble, Poeggel, Braun, & Gruss, 2007) .
Eyeblink conditioning provides a simplified and well-characterized model system for exploring the mechanisms of neonatal stress effects on adult learning and memory. Eyeblink conditioning involves pairing a tone with a mild shock to the eye region (an unconditioned stimulus; US). With training, the tone (conditioned stimulus; CS) comes to predict the shock, and elicits an eyeblink conditioned response (CR). The critical circuitry for eyeblink conditioning is well understood (Thompson & Steinmetz, 2009 ). The interpositus nucleus of the cerebellum is a site of CS-US convergence, and a critical site of learning-related plasticity: interpositus activity models acquisition of the CR (McCormick & Thompson, 1984a , 1984b and temporary inactivation reversibly prevents learning (Krupa, Thompson, & Thompson, 1993) .
Neonatal maternal separation produces deficits in eyeblink conditioning and increases glucocorticoid receptor (GR) expression in the posterior region of the interpositus nucleus in adult male rats (Wilber, Southwood, Sokoloff, Steinmetz, & Wellman, 2007) . Further, GR expression in posterior interpositus interneurons but not projection neurons predicts deficits in eyeblink conditioning (Wilber & Wellman, 2009a) , which is consistent with the notion that impaired eyeblink conditioning may be due to altered modulation by posterior interpositus. Others have shown that glucocorticoids modulate adult learning and memory, with facilitated or impaired performance depending on the timing and duration of exposure (Kim, Song, & Kosten, 2006; Roozendaal & McGaugh, 1997; Roozendaal, Quirarte, & McGaugh, 1997) , and that systemic administration of the GR antagonist mifepristone in adults blocks separation-induced deficits in object recognition memory (Aisa et al., 2007) . Thus, the increased GR expression in posterior inter-
